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(54)11tle: DEMODULATOR 



(57)Abstfact 

A single small-scale demodulator for dighal modulatioii of 
phase-modulated signals. The demodulator can be easUy made into 
an IC. reduced in cost, and inqnroved in operating q>eed and 
accuracy widiout using any hi^speed hig^Hresohition A/D 
converter. Phase information required for die modulation of digital 
data is logically detected by sampling logical values of 
waveform-di^)ed phase^nodulated ^^^lals by means of clodc 
signals having a period of whidi die ratio to that of die carrier of 
die (rfiasfr-modulated signals is an integral ratio, serial-parallel 
converting the sampled logical values into a digital code string, and 
analyzing die logic pattern of die digital code string. 
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5 mm^» 

PDC y-^yw • xi^^/W • -^PHS {y^^y-f-zl^ » 

10 m^\mir^\>(OXi>^. 

r0g3tU^>a:=^rx 1 9 9 4^9^ 120^ (no. 617)j71'>'9 

QPSKmmXti. "00" » "01". "10", "1 1" <04 i:*J»)®2fi[ 
»a7'-^j3:^*j£:"r5 4 ^a3«J©{fcffii/7 h (O, n/2, n, 3 ) 

25 «i*5ttS. 
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ti^@K-e©:fr^Sr^©**7'5;^/u@KTRSS|-r5yS{t©g#»x.-Ct. ^1^31 
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25 »90i4. A*(s^li^*•t"Si^^':^^^ >'^^jK>f i^KoM^rjj^-r^'f-^^^- 
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mi70»4. tfi, m2(o^^m^^x^i^l■^tnz'^m^il^'^:^^^V^^^^y'- 
Hi 8014. *«§g©fi[4a2gi8S<DH5©||J60!l©SS|l*j3^-r:/ny^0-Cfc 

mi 9 0r±, ^i^y^m^m9&<omi(ommmi:^-r-:!^ti'yir^-(^i,^^ 
H2 1014, ^^mi:ix^iSLm^mm<ot^mmt LX(Of»mi^mmmm<om^ 

H 2 2 014, *|g5q©fi^^ff;J52[ffi $*tfeig«(fl:ia^W«OH 1 «>IIJfe«»JOS«|l 
5. 

m 2 5 0»4, .mmmmmmn(ommmi:^'tzfu y ^r0t?a!,«. 

H 2 6 014, S«m««lffilflS<O|gJg0!|Srj5^-r:/n y ^'0-CfcSo 
5. 
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m.mm&m^i\t^ w.^m^m^ (psKm^) {nv-<fi.) i:L 
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r(0||2<D^lg«»|t?«, ^ilS»J:^Lyj:ffi*BfSf«tfettlSlJ2<o^SiaJSr'>'7 h v- 

5 8P2 1 tE^j/^^J3g»si5 2 2(D«titr#-&j$ot®-e*>oT. mj^mm^tiit 
p s Kfi■^A©^&afi|^^1^>'7'y n y ^m^* s LTf-:^^ j; 

5, 

^Sizi^-r J: 9 1^. firffim»«iaiSP 2 <r>tE.m%n.'yy Y Wi?;^ ^23 y5!H-t?« 
JBft**L5o ^lajd^i-v'^ h ^v?;;^^ 2 3ll8o©ii[^J->7 hik (F1~F8) 

(Fi-^-Fs) d>e>tt, 8Ei©-y-i'7'y j/'^^i^^rrsr^fc. M?««p-9-^icsg 

tft$*tfcfl[«fl!f«D a (dl-dS) ^^tOW-t-rirds-CtS. 
%Amt. l|3 0i::*Lfc«j*{j:i3V>T> A*fll#©^a:lBt1^:^:/y ^-i/firg 
20 «>Bi«4r^-rj&?^^^-h-C*>5o 

fcoT. P SKft^-C*>5A;^fS^tt^ilffif«jC|£:C-Ca~h©V^r*td^O<fctt 
1^:^:/•y i^tJT^'ny^rft^* s»4. A:^m# (a-h) Ollft3&«a»|T»c*tU 
J&SJW (9T/8) K:S^;e$tt-CV^So -^tLT, -t©^P5^^m^« s«DSt±*) 
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Ttl^vyy i^^^ny^rft^^ s«)^»l (9T/8) i:*5SV^fcft«^5 1 1 1 
$*vCff<i^ •?r©SefW:A;^ft^(0 8^»ILfctr5-X?l^»l4> (16n/8 
«»I (9T/8) O^ny^ft^^ s-CtoT, O* 5 ■ttH5ifiSV'»jajK|»fl!)^ 

f&^<o{4ffiJ8«| (a~h) ::tiz-f:in'eti^mo}f'y h^^^-i^ (- i" f 
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4To<i4B(OS;ic5#ft^Py^fi^^ l*^* 4*^gB-t-5#ffi^n y^lS^lHl 

h lxv?>^ ^SR1~SR4 tl4itii<DA*m-^ (P S Kfi#) *54^«[S 
15 iXTA;b$tt5. M^$;>;^^SRl'^SR4d*^>W:. 't*tJetlJC4 Ify h 

•foSH 6 If y h©afe^J4$^J!) (d 1 l~d 1 4, d2 1'^d2 4, dSl-^'d 
34, .d4 l-'d44) *SBfcOW$n5J:5lJ:<toTV^So 

^:^-^v>^^n*fi^m^4fi'^^4nm^\cm—mm (5t/4) -cjc/4 

20 V'-:?;^iJ'SRHC, ^2ffi^ny^ 0 2W[m2e^7.hW':?;^^SR2|C, B3*S 
^^0 5^^ « 3«^3 V7 M^t?:^^SR3JC, ^4*8^ ci 5^ ^ 0 4 4 h 

W':?:^^sr4{j:. i^^^teJitfe^^ h^x^t/^ tLXJ^TL^ti 

4o©'>7 M^i^;^^SRi~SR4tc^>r^$ti:fcA;^m^ii. ^-y^hui^ 
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mi omit. ^:^m^<o^ni&mz.niri>i^y h\^i^yf^^(omm:f3m=t^-t 

mmi'^ni-rX 5 iZs (fcttW«ttW»**i-4*©'>7 H ^$?>C^r s r 1 - s r 
4©M^ttl;<7x-^ (dli^dl4, d21'^d24, d31-'d34, d4 

i'-d44) tts x^is^(ofSLniSim (a'^-p) rtjc-ttL^n^F^wfy 

^-i^ (- 1" ^» 0" ©Ift^'g'-BrXiJr-i^) $rMi-5, 

t^i liaii. ^1 0|g{::^L:fcif5' h/N'^-i^ (1 1 0 0, o i i o, ool 
1, 100 1) S:A, B, C, D<Z)4oX^-i^|B-§- (A=l 1 0 0, B = 0 1 
10, C = 0 0 1 1, D=10 0 1) tCg^lft^T^-f-. Z(DXoi:i. A>i«^ 
(OdLtsmm (a~p) t^l5D-C^4i5lfy hyN'^-i^cr>3gffi:{j^jg^^;^^5^^ 

r©M4©^Jte0!|-Cli. *-r. A;^jft-^ (PSKm^) A«r{i*BK«5-r5>f >- 
^-tJ'l 1 i;. (fl:<SKfe$n5M<D*S«5A;^m#Aitl/2^jg-r5Sl©^ 

^lsi% 1 2 i ^nR^^tit:Rmx:fiim'-A^ 1/2 ^jg-Ts^ 2 o^jaig 

mi©4^^@Ki 2(w-ci/2 5^®$iifcA:^m^Bi{j:*rtTI&aiit 
©1^:^:/y i^^^^JiOfffJiJ/^JIgmo^ia^&fir/jiplli h wi^j^^j^^j 
(SRI 1-SRi 4) t. m2©5)-^|fiiKi 3»::TiX2^^$n^A;^^t^ 
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hUi^:^^m (SR2l'-SR2 4) iSffttt e>i^TV^So 
mi, m2<D->7 hUi^:^^n (SR11-SR14), (SR21~SR2 
4) n^tl^ix2m^ (FX, F2) (^-y^ h^':?:^iJ^Sr4*-ro«rW-t-So =fr^J 
OUy hi^"^:^^ (SR11~SR14, SR2 1~SR2 4) it^tl^fl, ^ 

»130ll, mi 2lZrpLtimm^m^X. X:tjm^ (al-hl) , (a 2 
raigj::*5VNr. Bl (al-hl) r40^SteA;^(t#AO!> l /24>Sfi^. B 

2 (a2~h2) nRmA:hm^—A(oiX2^mm^-vh?>o piiatw^i-j: 5 

IJI. A:hiB^A, -A«rl/25>^LT#P>tl5(t-^B 1, B2Wl, H (ffil^^ 

0K^Atim^A(Diy2^mi$^Bl (al-hl) ttM 1 ©i/'^ h 

(SR11'-SR14) [ZXs R«iA:^f&^^— A©l/25^«fl|-^B2 (a 
2-h2) {4»2©S/7 M^i?;^^5IJ (SR2 1'-SR2 4) |CT. *tl^tl4 

*'>7M^5?X^SR1 1-^SR14, SR2 l-'SR2 40i^7 
hi^3^li-€:tt-=etb2S (Fl, F2) Toi: «ioTV>T. h\^i^^^i>^P> 

^a-i/'^ hUi^^^iJ'SRl 1~SR14, SR2 1 ~ S R 2 4 *»P>3fe5y»J:SlO ttJ-t- 

/2) i/255^«$tL5a»r©A:*m^A, -Afoima (t/2) ic«^-r 

«fc«)-C*>So 0*0, •?:01/2^^m^B 1, B2<0i|t^»l (T/2) 

r^-e, M^-:?;^^SR1 1~SR1 4, SR2 1~SR24©>:7 h 

®«:;6S^tl^tt2j^-ro-e*>5-*^-C, l/2^n^%Bl, B2(f>mMTtir 
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l/2^^ft^Bl, B2<05mm (5T) ^ i iJl SfiiOlh^'y y ^-^jKW V h 

r©^^. ±iB5^»| (5T) <r>W!^<02. Smm (2. 5T) -^tt, 1/2 

fc, ±ffi5«»I (5T) ®«i|t«>2. SJSIIB (2. 5T) "Ctt. ±SEl/2^« 

0*5, 111 40»::^-ra:5lc. l/2^Sft^Bi, B 2 (O^mmn'tfi^ 
Umi. ^2®KlfflTl, T2»C2^$iJ$ti-Cf->'7'y i^^^ttSo ^UT. m 

i^EKT it?tti/24>j^m-^B 1, B 2 05ir#^^»l^©f':^yi; i^^^^^ 

m2©E^T2riil/'2^^m-§-B 1. B2©^i|t||«j•C(D1^>' 

|gl 5 0li. ±SSfl«)EiaTllCT#i/7M^i?;^^'SRl l'^SR14, 
SR21-'SR24 ^*6>IR#§4^S1^>^7"!; 
mi SHtt. ±»m2©KISlT2t-C#$^7 M^i?;!^^SRl l-SRl 4, 

sR2i'wSR24 ^>^>«#$^l,^1^i^y y i^^^T*-^' oMj^ig^^i-, 

«1 imt. »l<OKIHTl*5j:t^m2<DEIBT2lCT^tt^tt{c^#$iL5 
f-v:/y>'^r7*~^4rV7M^5?;^iJ^rijc:ioiii!c (3 = 1 1, 2 = 10, 1 
= 01, 0 = 0 0) l^a^g^LT^r-To 

mi 7 0{c^-t-J:5l::. mlOEraTllcT^#$i^5^^:^yy v^7*~:Jr<o 
SfeS/N'iJr-i^lCilj, l/25)^jgm#B 1. B2 0a(ri|ta»|-C<Ofir««tj!i*^4^S& 

®»ai^^^->'J::J:5. l/2^jgm#Bl, B2©S|it^«»|-e©ffi|8«fi8S-# 
^m^B 1 (al~hl) , B2 (a2~h2) <0^mm (T/2) "COteffiit 

i/2^^$ti,5gr©A:^(t^A, -A(Ois»|-cc!>tii:ftfi?a«J^*ii, 
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Hi 80l4:*:|gW(Z)m5©|ll60!|©SfiP*^-r. 

(SRii-sRis) , (SRai—sRas) ^c*5rtS1^i^yy >^^^sr8ffi 

(VCO) 3 1. l/N (NI42£il±©j|Sf:) 4>S|hJ8S3 2. 1/M (Mtt 
Nfc||*5 2m±©3ilgc) ^>JilH|^3 3, ifl[|Stt|{ESg3 4. n-.X^.>r^^w 
^3 5l::±5PLL (^*B{a»^i'-:^) 

::0»^. 1/N^jli0»3 2«:PSK^t^©|fti^«[ja«t|S[f cS:l/N^^ 
•rSo Wimz.. l/M^^|HlK3 3I1VC0 3 l<D|6MStl8cf sSrl/M5)"S 
i"5o (ilBltt{eSS3 4*5j:tfo— » 7^yi'^3 514, 1/N^^fi (f c 

/N) ^ i: 1 XM^mm^^ ( f s /M) 5 i 5 izv c o 3 1 ©is 

(f s) d>f> f s =Mf c/N©^«j»:|i|SJi*>5^ny^r<t^0 s i^ISOW 

|g 2 0 n y t{^|6^0» 3 2 ©HJfeWSr^-r, 
^S»::^i-^n5'^'«^|eIgS3W:#ffi^'ci5':J'«^|Hll»-C*)o-C. i^l 9®{z: 

-(O^py^|8^0K3Tli. VC0 3 l<^|§fe^«Jk • f s (kli2£il±© 

mm ^m^^uy^ ii, s tu wos^^ny^m^sri/k^j^su, i/k 
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^m^^s (=k • f s) i:immLxmmi^y h^m^-t^o :Ltnzx\), 

i^y hl-i^^^ 3 7(D^i>^-7 (Fl-Fk) ;6*P)S:vMJ:firtBOli3aj5^tt^ 

PHtzi^-riSfflWtt, ^'^-y-^^w- 7*:^ • 'V;^?^^ (phs) t 
/<~y-?-/k.^':?^/w.-fe/w9S/;^7^A (PDC) ©WJ»*«te*«^:fciBHli«: 

M 2 0. ±5^ Lyi:*ISWlwi5(ita«il||gl 2 6. *ll«l2l^t3.^y 
M 3 0. ffittSESiSl 3 1. PLLJcJ:5||«tS:^^lHlKi 4 1. i^^«fi|#fi 

0K1 4 2. s«s#gai«tftmiHiK (rss n 1 4 sni^izLii^xm^^fix 
^s-rsteJiWTi^:/ 12 1. sMj^iiti^ffir f o *fcw: f 1 ©sftit-^^ttm-r* 

RF^:^KX;^7^/w^ 1 2 2. SjBtlBtlElft (y'>:/=ii^/<-^-) J^tr?^* 
2 3. ^«[|SggJft{;:J:»J±^$ttfc«1'ia^i&m^SrttW-f5 I Fx<i^K^ 
1 2 4. ^ra^iKii«i»*JJ:tFm2^«t»2gJftaj*5j:tFAGC«S)fcif 
Sr^tf I FifP 1 2 5 ^^tc^ 0«^^t4i-cv^5o 
illll2Ht3L=y M 3 OW:. IFaJ13 2. I F>'OhV<:^7-f/W^'l 3 3. 

(Ty^ai^^—^— ) *fT5 1 3 4. RFa?>'K-^X7t 

>f/W^13 5. PHSi:PDC02o(DM«:?gFf o, f 2*$J:tJ5 2am©^t» 

1 i:. ^m=^=-r/ h 1 3 Otc*JJt5^ft»:^ift©^«>On-*./i^ft-^f x o/f 
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X 2SrPLL^^-t-«, 
::r-C. mmS:m^=-y h 1 2 0 tmmmiB=^=-y M 3 Oil. PHSirPD 

PDc^-^wc*3v^T. mmtstmt:mmfki:m^xmm\^n^m^[::s 

ffl$*b5o iJIS^»;^'f S'^l 1 314. PHS^- m»C*3V^T. ^— S&»-C 

a-xy^'lSJieOtt, PHS*-K-e<Z)jiKm-^0^?.«-^^SSrff 7AD 
P CM (Adaptive Diffrential Pulse Code 
Mo d u 1 a t i o n) ='—'ry^Ul 5 2 ty PDC^— K'C<^iiMft^04^ 
• ^-i-toaLSrfT 5VSELP (Vector Sum Excited Lin 
ear Prediction) =«— 7*^y ^'SjJ 1 5 3 i:. 2o©3— 7*3^ 1 5 
2tl 5 3S:PHS/PDC©*-Klc*£:i:.T«)Uifex.S3— ry^«Itft«|Jl 5 
1 jfc^Sr^tfo 15 4 ttSSm^SrMS^-t-S:^ f-*, 15 5 tt^liHf 

Miw»3-=y h 1 7 oi::wt. ^mm^f-^mmmm^ 1 4 3 ©a;^j{cs^v^-c 

PHS/PDC^- h'(0^^^^^mm «rfT 5 K^lft^JffllSP 1 7 1 d5 y 37 }. 
M 1 OOi^Sm^«Eia:l^fcJ:tJ52H»m;^w-</K =»-f'y^i5 2. 15 
«)SR^Sr*^*-«-<t;^e>. PH SJS5fe«|li: PDCjg*aifiit««IK3t 
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»t«Smflr# f c * 2fi/NVw;^m#l::«?^f 5«tJ^fi?fi^lHl» 1 14, ronifiwe 

mmmu 7 <of^»j&mm^ i o izn^^^mmmRE f 2 t>«^-rs. 

oi:, 2ii[fl:**Lfc«^d^€>ig«««*ttm-ra««ffifa«imap 

2«5S!|l«JEI8±lHj?S9d*b#^l&$*LTV^5o Sftm-f- f c WtilimiW i: S 

mill ^ <^>ffilSll^t:: Xoxmm u-^yv-ds^/io :t ►) , iifS^#|;: i o T«*g V'-<>ri. 

:i<omt&m(ommiSLW^m^<owimzo\,sxum'ri>o 
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1 0 l;:*5tt 5 L# v^^gSr-^x.5#RSSffiRE F 2 tt, M 2 4 BtJi^^ttT 
(REFl) iSrLt^VNfilt L-Cli<gL. lg<g-^cO/NVu;^m-^D ItgEgl-TSo 

4A»e>©fir*BlHt»Db.|::S<5V'*T':^>'jK/U^n5^^C l^§m(t#f c(DT^ 

S^g^SJlBJr-Ctt, #flSSKREF2SrL#V>«i:^-t-5^i|ft?g*g«Sll 
m^D d tt. gft Ufc«#<Ojg|g*5 L# V^liCR E F 2 J: 0 /h $ VM^Wt L o w 

Smbfcm#©ig«*SLtv^4i[REF2 J:»J:»ctv^i^W:Hi gh, L 
FF2i:-C«fiJc$*v5/<yW^«IW@Kl 3*5j;t;t^P5,^|8^0ggi 2**«>j^5. 
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f - f c \cmm Vft^yy^^ji^^ ny^ci^tti::. Sftft-§- f c o i -^^'jI^/i-^! 
5 2 0«^MlcfiVv<yi/:^S::fr5Klii*^ n y ^ C 3 *«^-r5. 

•fey ha^y y:/7os':/FF itt, Sfid^f c©i i^^^jK/w^^T s©i^* 

10 OJ^y-fe^^ ^^i^C2^cJ;oTy■fe5' h^it. ai;^De{4LowU'<yUi:/i5, 
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